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A r d i o  * M a l  guidaace eystsm dahmlner the ~.hlcle~a pori- 

uad Wlocity uld, OLI the barla of lrirrian obJectiver, command 

tbo flight convetion nocesrary to MflU there objectirer. A 
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.rr) rrp\drsd to select the Qaind  decoder while thqotbcr two tones, 

celled tacr v t e  tooem, are mad to transfer the ocmmand~ (once tha 

hatr been verified) troar the hoder into the propwnmer. me ripnrl.. 

taneouo OOCUTbPCe o f  both amble toner selectr the p-er re- 

bbdency roQ rrzliile the rbrence of the toner clears the decOdSr88 
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, L I M I T  CYCLE M O D E  
* WtOO THRCSHOLO N A R R O W  T H R E S H  
ew6: SUN SENSOR-(PITCH(VAW) - CINE SUN SENSOL-  
CANOPUS 3LFY-R (ROLL) * - CANOPUS SLNSOR . 

. 

LIMIT CYCLE M O D E  
W l O E  THRESHOLD N A R R O W  THRESHOLD 
C O h R S Q  SUN S E N S O R  COARSL: .SUN SENSOR 

LIMIT 'LYCLE M O O G  
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all u e r .  fkwrll;). tbe first maneuver i r  a roll about the sun line. 

roll #m lr mwttchsd to the rate mode, the output i r  integrated by 

A vait tlme of 51.2 reconds i r  prodded to allow eettl lng to the 

UIlit cycle bfom lnltlafing the recond maneuver of the sequence, 

Wch could be rn pitch or yav. For pitch maae~~yor', the yaw gyro 

i 8  

.oilr, alar signal 1s rivitched to the reectkm control system and 

W rpacecraft pitchar a t  Conetant rate, .5O/sec, htll the program- 

rwffched to inertial hold mode, the pitch gyro to the rate 



'Ih. nloalty 

and ve&citj change tor ddcourro correctloni, lunar orbit injection, 

m u m  differ only in magatbadem of 8ttitude 

Open caqletion of all voloclty change m~meuvers, the 

rhut-oir rquib i r  f ired by -e pro&rammeir tbru the nrltchlng aaaerP'bly* 

prerrurant 

A t t i t u b ,  control ryatem operation vhile in lunar drbit pmcccdm i n  a 

ririlcv -mer a8 during fba tratuluaar phase w i t h  one inporhnt 

acrPt;ioa. Ocuultatlon of the 8un and Canopus by the Moon can be 

-tad to occur each orbit. Abrence of either the "&an prelexkt" or 

e 
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Extended L i f e  

rripa compbticm of the photo m i 8 8 i O n  period (30 d w )  the extanded 

life aaaflguratlan of the a t t i w e  cantrcol system I 6  relected 'by 

grouad comimd. 

irr yuv, a d  the oxcumion of the l i ne  of right to Canopus may 

u c d  thir r-r 9 w r  (depending on ti- of year) the rtar 

trrClPbr i o  turned off and the roll gyro 8Witched t o  t b  Inertial  hold 

rr~d..  

remainbr of t& mierrion vithoirt 8 celeet ia l  refbrsnce. Also, to 

aomenm nitrogen g88, the pitch and yaw fine run rensors are 

nrltchwl off  aad the coame renaors only Iwltched on. 

to vi- the pitch and yaw d e a d W s  t o  f Uo a l e  i n  the am.  

Men the ow3 ir "not praaent" the iner t ia l  hold mode I s  automatically 

roleclad W c h  a l a 0  conflncs tihe rpacecraft to 

that portion of the orbi t .  

Figure 3 . 2 . U .  

bs owitched to the canstant rate mode while the star tracker is off 

\ 

Since the rtar tracker f ie ld  of rim ir odly 166 

'~b rp.cecmtt continuer to Unit cycle 2 O  in roll for -a 

Tbis I)e]PPes 

2 O  l i m i t  cycle for 

The option8 available ara i l l u s t r a t e d  by 

As an alturnatu mode of operation, roll control may 

8Upp-g a false " c ~ o p u a  present" rignal fmm the programer. 

-8 alturnate may be edvantageoua w i t h  respect to  nitrogen coneumptior 

Veloclty Control Subsystem 

Rlactlon 

f i r  inJec t lm Into the tranalun€ir trajectory by the Atlae/Agene 

bunch vehicle, all spacecraft velocity change requirements will be 

humlahed the velocity Control Subsystem. Ihe'nominal missim 

proftlo requires that up to four velocity change maneuvers be accom- 

plie2ied pr%or to attaining the final lunar orbit .  In  addition, It  is 

de8irabla that additional aumeuverr be possible, if needed, t o  modify 

1 

.. 
c:  

b 



b.2. 

r .  

3*2* 5- 3 

Jbctiop (cart.) 

&re pianneed. 

t 

Widcoutre maeullr fbr traJectay eiu_??araen?: me e= t=c m m e w e r ~  

trvrrt orbit Injection menewer to place the rpncecrait in a lunsr 

orbit whom0 apolurrs i r  m 5 ~ r o ~ d a u t e l y  l8gO lm end whom perilune i o  

afrpTodaatnly 250 bn. 

AE -it h r r e r  mneulllr ta place the rpacecrait into ita iiaal 

orbit fbr photographic mcoMalesmce. 

8polum of .ppruama*w 28% km Md a mrllune of approJtiaataly 

46 hr. 

ple orbit rhall  have an 

Psalm Requirements 

~caqplialnmut of the baric rpcscrait  mleeion lurposee certain design 

requlramcnta on the Velocltp Control Subsy8tem. !Chase requirements am 

D-ZUd fOllaWe: 

Operate and be atorable i n  a apace environment ibr up to  18 days. 

-de a naminal total impulse capability of 73,000 lb-eec. 

0 Porresr minimum capability of: 

0 pour engtne *rating* cycler. 

07le eecaade of ap8ratIcm. 

0 ap to 614 recasds o f  operation i n  a eingle firing cycle. 

AD with any other apcecraft cryatem, the Velocity Control Subayetern 

ohal3. have Ugh rcrlisbility and minimum wclefit. 

VCS are a reliabilitg sf 6.9926 and a weight (Including p r o p e l l ~ t s )  

Target goale for the 

of 324 Ibs. 

8ubsystem bescriptim 

The design requirement for high relisbllity and the minimum program 

timh frar caacept to flight dictate the employment of exlating con- 

cepte end h8rdw8re wherever possible. 'Ehis, together Kith the.requirc- 



%e Volocity C o n t r o l  Subsyatan emplayr nitrogen tetroxide ae the 

oxidizer aad krotine-50 (a p50 bland, by might, of W a z i n e  and 

unrymwtrical dimttyrlhydrazine) BO the fuel. Tha h e 1  and oxidizer 

am contained in two propellant tanka each to mfnfmite movement of the 

apscocratt center of grarity. Tbs propelbnta are poaitlvely expelled 

trcoa a i r  reqective tcakr by unheatad ~ s o u . 8  nitrogen act ing upon 

tam bl6d&ra wlthln tha tanka. 

titaniun maad at  aa initial p m a s ~  of  3500 paia; a prereura regu- 

htor mducer the supply pmS8urS to the desired propellant tank pmr- 

a w .  Ihe roclrst englne is a 100 lbs. t h a t ,  preesum-fed, radiation 

aoolud .n&o that ~ I M  been developed far the Apollo program (Serrlce 

The nitrogen 1s stored in a 

Uotluh .nd LBM attitude control). 

gbrb.lr, and electromecheaical actuators provide thruet vector 

directipral cmtrol d w  e q l n e  operation (pitch and y a w  control; 

roll control l a  mintabed by the Attitude Control Subeyetem nitrogen 

‘00 engine l a  mounted i n  2-Bxi8 

thru8t8r8). 

tarioub VCS caarpmenta. A. ah-, the ayetern also includes several 

v8b88, fl lterr,  O H f l C d 8 ,  rrnd t e a t  p i n t a  that are required for 

operation and/or test and checkout. 

Wntain  peeaurttation and PrapCrUant eyatum lntegrlty prior to in i -  

figure 3.2.5-1 8howe the achematic arrangerrent of the 

Squib-actuated iro1atlon valves 

tial operation. 

3.2.5.4 Subsyetem Operation 

Af’ter Epscecraft rep6uutlon fran tba Agena, dual aquib-actuated nitro- 
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eq, ,pmnt deck ( S t a t l a  231) the sttschme9t8 are rotated 45 deep-eee 
b 
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of fiha tbrmal M e r ,  tbd hi* gain antema, the meteoroid 

I 6.t.ctor w, end ths rwitching ssrembly (black bast). 

abs ucrppatf rtructure (8tutim 2@-180) coneieto of rn truncated cone 

'aab -Under with cutar t .  u required to prorid0 for installation and 

aplrratioa of Velocity Control Byrten components. It -der rtructur- 

al a t t a c b n t  between the mglne~deck and tank deck, rupport of tubing 

ad.**, ud #upport of Veloaity Control e a t e m  Campanento. 

&ck (batim 179) $8 8 b a d  stiffened p h b  6uOportad 

deck prorider mounting Pra+islana for the velocity cantrol engine, and 

-nt mounting provleioae for the attitude control thrusters and 

for the remote eun seluora, support structure and release mechanlem 

for tbe aoni antenna, and p;rorision for attachment of ground han-g 

equipment . 
3 

aW deplayaent mschani~na .nd ordnance dsrice locstioae are illustratet 

in tbs -8 3.2.6-2 through 3.2.6-5. 
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]riaal Orbit - photo procee~ power (159 W) 

Orbit - photo readout povar (223 W) 

!&e t h e m  captrol requiremsnta for mal orbit am to control apace- 

craft -ram when tbs rpscecraft l a  subjected to the tolerance 
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3.2.7.3 

i 

Elustern bescriptIan 

prop.rties am: 

Bmia*itity - .go 
Initial Abaorbtlvlty - .22 t .01 

The mudmum rolar abaorbtitity Increme due to ultra violet l e  .G?. 

'Ihs spacecraft temperature range during tbe translunar phase i o  

bo% to purl- tho final orbit phase they arp aa shom in 

'Eabb 3.2.7-2. 
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Law (lain 
Aatmru, 

0 2 0  to .a 
oeu Bax - 1.0 to 

blah - 1.0 to 1.2 
1.2 

3 o t a 6 Q  

250 to 280 

250 to 280 

.85 to 1.0 

1.0 to 1.25 

225 t o  250 I 
to 285 I .  

OQUilibrium kmpraturo l a  the 8thady #lata temperature of the 

i n f l n i b l y  thin item facing directly torard the sun and perfectly 

lmulatu& an tho back ride. Pie actual temperature of each component 

i r  function of heat flat t0.and from the rurfnce facing the 6un ond 

the rurihcea fkcing f r a n  the a m .  A l l  external components are 

deaigned to be capable ai withstandine f u l l  runlight for M unlimited 


